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Abstract 
Nowadays, the optical methods for deformation measurement are gaining more and more applications from the aspect of solution 
of problems relating to elasticity and strength. The advantage of such methods is based on the measurement of non-destructive 
way without assembly of measuring elements regarding to the critical areas of structures. One of these contactless measuring 
methods is Electronic Speckle Pattern Interferometry ESPI that is based on the discovery of so-called speckle patterns. Electronic 
Speckle Pattern Interferometry is an optical full-field measurement method for determination of deformations of object surfaces 
with sensitivity below fractions of the wavelength of light. A back scattered object beam of an object surface and a reference 
beam, originating from the same laser light source, are superimposed on a video camera and interfere to a speckle pattern. 
Speckle pattern is based on the record before and after deformation of the object yield to a non-unique fringe pattern. Using 
a phase shifting method, this non-uniqueness can be solved and the fringe pattern can be evaluated using a computer algorithm. 
In this study, experimental investigation of vibration behaviour of square rubber blends plates by electronic speckle pattern 
interferometry (ESPI) is employed. Resonant frequencies and corresponding mode shape are obtained experimentally using the 
introduced method. Frequencies of resonant vibrational modes depend on elastic properties of material, especially on Young 
modulus E, Poisson ratio μ and density of material ρ. This fact gives us, in principle, the possibility to estimate the elastic 
constant of materials from the vibrational measurement. The numerical calculations by the finite element method (Cosmos) are 
performed and the results are compared to the experimental measurements. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Electronic Speckle Pattern Interferometry (ESPI) is an optical technique which enables interferometric 
measurements of surface displacements for almost any surface and material. 
The non-contact and full-field measurement allows the calculation of the three dimensional distribution of the 
displacement and strain/stress of the object under the test as a response to a mechanical or thermal loading. ESPI has 
been applied successfully in many fields, including automotive, aerospace, electronics and materials research and 
moreover, it can also be used for the study of material properties, fracture mechanics, fatigue testing, NDT and 
dynamic behaviour of a variety of components. 
2. The properties of rubber blends 
A rubber blend is obtained by mixing a base polymer or crude mixture with a series of additives. The choice of 
the base polymer and the additives is closely connected with the type of properties to be achieved. The resulting 
product is a non-vulcanized blend. The quantity of additives used varies from 20 to 130% referring to the percentage 
by weight. The most common additives are: 
• Fillers – There are two types of fillers, reinforcing and non-reinforcing fillers. Carbon black is commonly used as 
reinforcing filler. This is also the reason why most rubbers are black. Calcium carbonate is an example of the 
non-reinforcing filler. 
• Plasticizers – Besides fillers, plasticizers play the biggest quantitative role in formation of a rubber blend. The 
reasons for the usage of plasticizers are connected with the improvement of flow of the rubber during processing, 
improvement of filler dispersion. Plasticizers have also influence on the physical properties of the vulcanizate at 
low temperatures. Mineral oils and paraffine are widely used as plasticizers.  
• Vulcanization chemicals – Vulcanization is the conversion of rubber molecules into a network by formation of 
crosslinks. Vulcanizing agents are necessary for the crosslink formation. These vulcanizing agents are 
represented mostly by sulphur or peroxide and sometimes, by other special vulcanizing agents or high energy 
radiation. Since vulcanization is the process of converting the gum-elastic raw material into the rubber-elastic 
final product, the ultimate properties like hardness and elasticity depend on the course of the vulcanization. 
• Accelerators – Accelerating agents increase the rate of the crosslinking reaction and lower the sulphur content 
which is necessary to achieve optimum vulcanizate properties. 
• Activators – Zinc-oxide and stearic acid are used as activating agents. They activate the vulcanization process 
and help the accelerators to achieve their full potential. 
• Anti-degrading agents - These agents increase the resistance to attacks of ozone, UV light and oxygen. 
• Process aids – Chemicals, which improve the processability. 
• Pigments – Organic and inorganic pigments are used to colour rubber compounds. The colour pigments are also 
considered the inactive fillers. Only silica has a reinforcing effect. Silicates can be coloured easily without loss 
of properties.  
3. Method 
The most widely used experimental setup to study vibration by ESPI is the time-averaged method. The schematic 
setup of ESPI optical system, as shown in figure 1, is employed to perform the out-of-plane vibration measurement 
of the resonant frequencies and mode shapes for composites plates. The He-Ne laser with wavelength of 
λ = 632.8 nm is divided into two parts referring to the reference and object beams.  
The object beam passes into the specimen and then reflects to the CCD camera. The reference beam is directed to 
the CCD camera via the mirror and reference plate. The CCD camera converts the intensity distribution of the 
interference pattern of the object into a corresponding video signal. The signal is electronically processed and finally 
converted into an image in the video monitor. The experimental procedure of the ESPI technique is performed in the 
following steps mentioned hereinafter. First, a reference image is taken after the specimen vibrates, then the second 
image is taken again, and the reference image is subtracted by the image processing system. If the vibrating 
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frequency is not the resonant frequency, only randomly distributed speckles will be displayed and fringe patterns 
will not be shown. However, if the vibrating frequency is in the neighbourhood of the resonant frequency, stationary 
distinct fringe patterns will be observed. Then, the function generator will be turned carefully and slowly and 
subsequently, the number of fringes will be increased and the fringe pattern will become clearer, as the resonant 
frequency is approached. The resonant frequencies and corresponding mode shapes can be determined at the same 
time using the ESPI optical system [1, 2]. 
The Electronic Speckle Pattern Interferometry is used in various areas or applications. The following list shows 
a few examples: 
• material testing – mechanical and thermo-mechanical behaviour (metal, ceramic, plastic, reinforced material, 
composite material),  
• component testing (automotive, aerospace, medical, electronical fields as well as many other fields), 
• defect recognition, 
• failure analysis. 
 
Fig. 1. Schematic diagram of ESPI setup for out-of-plane measurements. 
4. Determination of modules and Poisson ratio by ESPI  
The results, which provide the relations between the measured resonant frequency and dynamic material 
parameters, are well known in the literature [3, 4]. 
At the beginning, the X and O mode shapes of isotropic square plates have to be determined. Poisson’s ratio v 
can be obtained by relation: 
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where fo, fx are characteristic mode frequencies. ESPI picture of both mode frequencies is shown in the Fig. 2.  
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Fig. 2. Mode shape of O and mode shape of X.   
In the next step, it is necessary to determine the fundamental frequency (f2,0) from the following relation (2) and 
the experimental shape of the f2,0 mode is in the Fig. 3: 
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Fig. 3. Mode shape relating to 2,0. 
After that, we can obtain Young’s modulus E from the following relation: 
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where l is the side length, h is the thickness of the square plate and U is the material density, ν is the Poisson’s ratio. 
Shear modulus can be obtained by: 
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5. Experimental part  
The rubber blend is the object of observation. In the Table 1, there is the chemical composition of the sample. For 
determination of material properties, square plate was used. The length (l) of the plate is 100 mm, the thickness         
(h) is 7 mm and the density (U) is 1003 kg.m-3. The resonant frequencies and the mode shapes of the X and O mode 
are shown in Fig. 5 and Fig. 6. We obtained Poisson’s ratio by the usage of the relation designated as 1 and by help 
of the resonant frequencies of the X mode and O mode. We determined Young’s modulus by the usage of equation 
designated as 3 and Shear modulus was determined by the usage of equation designated as 4 (Table 2).  
            Table 1. Chemical composition of rubber blend. 
Components Dose in DSK 
SULPHUR 2–3 
SULFENAX 1–2 
KRALEX 130–145 
VULCAN 85–100 
ZnO 4–9 
DUSANTOX 1–2 
FLECTOL 1.3–1.6 
STEARIN 1.7–2.2 
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 Table 2. Calculated material properties of rubber blend. 
Poisson’s ratio Q Young's modulus E (MPa) Shear modulus G (MPa) 
0.595 8.131 2.549 
We compared the resonant frequencies, which were experimentally obtained by ESPI with the numerical 
frequencies based on FEM (Fig. 4–8).  
 
f = 48 Hz                         f = 45 Hz 
      
f = 65 Hz                          f = 62 Hz 
Fig. 4. Comparison of natural shapes of eigenfrequencies 
obtained by (mode shape of 1,1) numerical calculation 
of FEM (Cosmos) and ESPI. 
Fig. 5. Comparison of natural shapes of eigenfrequencies 
obtained by (mode shape of X) numerical calculation 
of FEM (Cosmos) and ESPI. 
      
 f = 99 Hz                         f = 98 Hz 
      
f = 149 Hz                        f = 145 Hz 
Fig. 6. Comparison of natural shapes of eigenfrequencies 
obtained by (mode shape of O) numerical calculation 
of FEM (Cosmos) and ESPI. 
Fig. 7. Comparison of natural shapes of eigenfrequencies 
obtained by (mode shape 2,1) numerical calculation 
of FEM (Cosmos) and ESPI. 
      
f = 262 Hz                         f = 258 Hz 
Fig. 8. Comparison of natural shapes of eigenfrequencies obtained by (mode shape of 2,2) 
numerical calculation of FEM (Cosmos) and ESPI. 
6. Conclusions 
We obtained Poisson’s ratio, Young’s modulus and Shear modulus of rubber blend: Q = 0.595, E = 8.131MPa, 
G = 2.549 MPa. 
In relation to the modes, the natural or own shapes of eigenfrequencies for selected modes obtained from ESPI 
measurements are identical with the own or natural shapes which were obtained on the basis of finite element 
method (FEM) by help of Cosmos program system. In both cases of investigation, almost all of measured modes 
were identified successfully and they were easily assigned to those which were obtained and displayed in 
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a computational way. Obtained values relating to natural frequencies or eigenfrequencies and their own shapes 
can be utilized as the input data for optimizing procedure which will be useful and good choice for material 
parameters seeking.  
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